The occurrence of clostridia was investigated in a total of 60 commercially available curry roux samples. Clostridia were isolated from 37 (62῎) samples, and Clostridium perfringens was isolated from 7 (12῎) samples. The isolates of C. perfringens did not produce enterotoxin. The frequency of occurrence was higher by the enrichment broth culture detection method than by the agar plate or pouch method. These findings suggest that enrichment broth culture is necessary for the detection of clostridia.
Introduction
Curry and rice is one of the most popular dishes in Japan. In home cooking, commercially available curry roux is commonly used as the curry base. The main ingredients of the roux are fat, wheat flour, seasoning, curry powder, meat extract, fruits, vegetables and chutney. Curry powder contains many spices, and it has been reported that the spices may be contaminated with clostridia, including Clostridium perfringens 1)῍8) . Curry powder is also contaminated with spore-forming anaerobes 1) , and bacterial counts in excess of 7,500,000 per gram 1) , and 8ῌ10 5 to 8.3ῌ10 6 per gram 8) have been reported. In Japan, outbreaks of food poisoning caused by C. perfringens are often traced back to curry, and since curry usually contains animal meat, most C. perfringens strains isolated from curry are likely to be derived from animal meat. However, Rodrı ÿ guez-Romo et al. 7) detected the enterotoxin gene in some strains of C. perfringens isolated from spices. In this study, the occurrence of clostridia in samples of commercially available curry roux was investigated.
Materials and Methods

Samples
Sixty commercially available domestically produced curry roux samples were investigated in this study (Table 1) . These samples were obtained between June, 1999 and November, 2000. Retortable pouched food was not used.
Isolation of clostridia
Pouch, agar plate, and broth culture methods were used for isolation of the clostridia. In the pouch method, incubation was carried out according to the method described previously 9) . A 10-g curry roux sample with 90 mL of diluent (phosphate-bu#ered saline; PBS, pH 7.0) was placed in a sterile stomacher bag, placed in the stomacher and homogenized to a#ord a 10 ῌ1 dilution. Next, 10 mL of 10 ῌ1 dilution was added to 90 mL of PBS to prepare a 10 ῌ2 dilution. Ten mL aliquots of both 10 ῌ1 and 10 ῌ2 dilutions were used. In the agar plate method, incubation was performed according to the method described previously 9) . Inoculated agar plates were incubated anaerobically using AnaeroPackῌKenki (Mitsubishi Gas, Tokyo, Japan). In the enrichment method, incubation was performed according to the method described previously 9) . In the enrichment cultures of 39 curry roux samples using cooked meat medium (Oxoid, Basingstoke, UK) containing 0.3῎ glucose and 0.2῎ soluble starch, aerobic incubation at 30῍ for 2, 4, 7 and 10 days was also performed. Identification of isolated strains Identification of isolates was performed according to the method described previously 9) . Anaerobic endospore-forming rods were designated as members of the genus Clostridium, although spore-forming anaerobes have been divided into several genera in recent taxonomy 10)ῌ12) . The phenotypic characteristics of lecithinase-positive strains were investigated, and lipasepositive strains were investigated for toxicity in mice. A total of 432 isolates of clostridia were obtained in this study. A total of 14 strains of C. perfringens, isolated from seven C. perfringens-positive curry roux samples, were investigated for enterotoxin production using a kit (PET-RPLA, Denka Seiken Co., Ltd. Tokyo, Japan) for the detection of C. perfringens enterotoxin by reversed passive latex agglutination. Spore formation of C. perfringens strains tested was carried out in medium for sporulation 13) .
Results and Discussion
Thirty-seven (62῍) of the 60 curry roux samples examined were clostridia-positive, and C. perfringens Clostridium species other than Clostridium perfringens were detected using the indicated methods. d NT: not tested e ῐ: Clostridium perfringens was detected using the indicated methods. f All isolates were Clostridium perfringens. g All isolates were Clostridium species other than Clostridium perfringens. h ῏: Clostridium species containing Clostridium perfringens were detected using the indicated methods.
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was isolated from 7 (12῍) samples as shown in Tables 1  and 2 . Among the curry roux samples produced by ten manufacturers, clostridia were isolated from the samples produced by 8, and C. perfringens was isolated from the samples produced by 3 of them (Table 1) .
Clostridium botulinum was not isolated in this study. Among the detection methods used, the frequency of occurrence was higher in the enrichment broth than the pouch method or agar plate method. In Japan, foodborne disease caused by C. perfringens has been traced to curry, and it is well known that most cases of C. perfringens food poisoning are associated with meat products 14) . Since curry often contains beef, pork, or chicken, it has been speculated that the animal meat in curry is the source of the food poisoning outbreaks. However, many di#erent spices are contained in curry roux, and C. perfringens has been found in turmeric, coriander, fenugreek and mustard 8) . Rodrı ÿ guez-Romo et al. 7) detected the enterotoxin gene in several Clostridium perfringens strains isolated from spices such garlic ῎: Clostridium species other than Clostridium perfringens were detected using the indicated methods. g ῐ: Clostrdium perfringens was detected using the indicated methods. h ῏: Clostridium species containing Clostridium perfringens were detected using the indicated methods.
powder, black pepper, cumin seed, oregano and bay leaves. Thus, there is a possibility that commercially available curry roux contains enterotoxigenic C. perfringens.
In the enrichment broth culture, the frequency of clostridia detection under anaerobic conditions at 30ῌ using cooked meat medium was higher (48῍) than under other conditions (anaerobicῌ37ῌῌcooked meat medium, 30῍; thioglycollate medium, 10῍), as shown in Table 2 . However, there were some curry roux samples in which clostridia were detected only under conditions other than anaerobic at 30ῌ (Table 2 ). These findings suggest that the number of clostridia in clostridia-positive curry roux samples is very low, and that enrichment broth culture is needed for their detection.
As shown in Table 3 , clostridia were detected at 10 days in 20 samples, and there was no sample in which clostridia were detected only at 10 days.
These findings suggest that enrichment incubation should be continued for at least 7 days for the detection of clostridia in curry roux samples. In the enrichment broth under aerobic conditions, clostridia were isolated from 15 (38῍) of 39 samples (Table 2) . Thus, aerobic incubation may also be suitable for isolating clostridia. Further examination using a larger number of samples, and the identification of isolates, is essential to confirm the optimal incubation time and conditions.
